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Coronaviruses: Classification by EM
Almeida and Tyrrell (1967)
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Coronavirus Replication



Coronaviruses, host ranges and diseases
Genetic   Diseases (infection sites)
Group Virus Host Respiratory Enteric Other

I HCoV-229E human X
TGEV pig (X) X
PRCoV pig X
PEDV               pig                        X
FIPV cat X X Systemic
FCoV cat X
CCoV dog X

2 HCoV-OC43 human X ??
MHV mouse X                  X    CNS, systemic
RCoV rat X Eye, GU
HEV pig X CNS
BCoV** cattle X      X

3 IBV chicken X X    Kidney
TCoV                 turkey X

4??        SARS-CoV        human X (X )  (Kidney)



NEW TAXONOMY
NidoviralesNidovirales

CoronaviridaeCoronaviridae Arteriviridae   RoniviridaeArteriviridae   Roniviridae

CoronavirusCoronavirus TorovirusTorovirus OkavirusOkavirus
HCoVHCoV--229E229E Berne virusBerne virus PRRSVPRRSV Yellow head virusYellow head virus
HCoVHCoV--OC43OC43 Breda virusBreda virus LDVLDV Gill associated virusGill associated virus
IBV IBV SHFVSHFV
SARSSARS--CoVCoV



Nidoviruses share replication strategy, but 
differ in genome size and virion structure

NidoviralesNidovirales

CoronaviridaeCoronaviridae Arteriviridae   RoniviridaeArteriviridae   Roniviridae

CoronavirusCoronavirus TorovirusTorovirus OkavirusOkavirus

30 kb         20kb       13 kb     30 kb         20kb       13 kb     



The Spike Glycoprotein is a 
Coronavirus Virulence Factor

Spike glycoprotein (S) determines:
Receptor binding and specificity
Membrane fusion, cell fusion
Protease susceptibility and

activation
Deletions in S1 alter tissue tropism
pH of conformational changes in S
Virus neutralization by antibodies

S1

S2

Type 1 viral fusion
protein



Enveloped Virus Entry 
Type I Fusion Protein

Receptor 
Binding

Conformational 
Changes

Co-receptor
Receptor

Docking

Cell
Membrane

Fusion

Viral
Envelope

Spike



Fusion domains of 
Class I viral fusion proteins

MHV  S2
S2

TM

Flu   HA2 TM

SV5   F1
TM

HIV-1  gp41
TM

HRSV   F1 TM

Fusion Peptide

Heptad Repeats

TM Transmembrane Segment

Approx. 100 aa

?
Coronavirus



Coronaviruses, host ranges and receptors
Genetic   
Group Virus Host Receptor

I HCoV-229E human human aminopeptidase N (hAPN)
TGEV pig porcine APN
PRCoV pig porcine APN
PEDV               pig                        
FIPV cat feline APN
FCoV cat feline APN      
CCoV dog canine APN

Co-receptor
2 HCoV-OC43 human 9-0AcNA

MHV mouse murine CEACAM1
RCoV rat 9-0AcNA
HEV pig 9-0AcNA
BCoV cattle 9-0AcNA

3 IBV chicken
TCoV                 turkey

4??       SARS-CoV       human



Aminopeptidase N (APN or CD13)

150 kDa type II glycoprotein
Metalloprotease expressed in 

a variety of tissue and 
cell types

Converts oligopeptides to 
amino acids

Degrades regulatory peptides 
and neuroactive peptides

Antigen processing and 
presentation

Plays a role in the migration 
of human tumor cells

Group 1 coronavirus receptor

Modified from Riemann et al., 
Immunology Today 20: 83-88 (1999)

APN Model 



Murine CEACAM1a

The receptor for
murine coronavirus
MHV

Domain 1

Domain 4

Membrane



What the virus sees,  or the view from the top

(Tan, Zelus et al.,2002)



C-C’ loop, I41 mutations

Murine 1a
Human 1
Rat 1

Murine 1b



Plaques of mutant viruses on
BHK cells expressing mutant receptor

17
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T62S T62ASwt L65A

Point mutations in receptor can inhibit virus spreadPoint mutations in receptor can inhibit virus spread



Introduction of mutations into the Introduction of mutations into the 
genomic RNA ofgenomic RNA of coronavirusescoronaviruses

Reverse genetics using full length
infectious clone

Targeted RNA recombination



TARGETED RNA RECOMBINATION

fMHV genomic RNA (32 kb)  infects only cat cells

1                   2                  feline S 4 E        M          N      UTR  
5’ AAA 3’

[1] [2]            murine S            4       E        M          N      UTR

5’ AAA 3’

1                  2                murine S 4 E       M           N      UTR
5’ AAA 3’

Synthetic donor RNA transcribed 
from pMH54 vector (9.1 kb)

*

*

Recombination

MHV mutant genomic RNA (32 kb) infects only mouse cells

Kuo et al. J. Virol. 74:1393 (2000)
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Mouse specific Mouse specific 
residues of residues of 

of Sof S330330

II

I

33                                                              79   82 

JHM
A59

I
MHV-A59      NVSAPSISTETVEVSQGLGTYYVLDRVYLNATLLLTGYYPVDGSKFRNLALTGTNSVS
MHV-JHM      NASAPSISTEAVDVSKGRGTYYVLDRVYLNATLLLTGYYPVDGSNYRNLALTGTNTLS
other MHVs   NASAPSVVIEVVDVSKGIGTYYVLDRVYLNATLLLTGYYPVESSMYRNMALTGINAIS
S21BHK+i     NVSAPSISTETVDVSQGLGTYYVLDRVYLNATLLLTGYYPVDGSKFRNLALTGTNSVS
SDAV (rat)   NARAPSVSTEVVDVSKGLGTYYVLDRVYLNATLLLTGYYPVDGSMYRNMALMGTNTLS
BCV (bovine) DTGAPSISTDIVDVTNGLGTYYVLDRVYLNTTLLLNGYYPTSGSTYRNMALKGTLLLS
OC43 (human) DTGPPPISTDTVDVTNGLGTYYVLDRVYLNTTFLLNGYYPTSGSTYRNMALKGSVLLS

* *   *

JHM
A59

III
JHM
A59

162                                        183  
MHV-A59      CQLPYTDCKPNTNGNKLIGFWHTDVKPPICVLKRNFTLNVNADAFYFHFYQHGGTFYAYYADKP
MHV-JHM      CQLPYTPCKPNTNGNRVIGFWHTDVKPPICLLKRNFTFNVNAPWLYFHFYQQGGTFYAYYADKP
other MHVs   CLLPYTPCKPNTGGNSIIGFWHIELKSLVAILKRNFTFDVNAEWLYFHFYQQGGTFYAYYADVG
S21BHK+i     CQLPYTDCKPNTNGNKLIGFWHTDVKPPICVLKRNFTLNVNADAFYFHFYQHDGIFYAYYADKP
SDAV (rat)   CQLPHTDCKPNTGGNTLIGFWHTDLRPPVCILKRNFTFNVNAEWLYFHFYQQGGTFYAYYADVS
BCV (bovine) CEYPHTICHPNL-GNKRVELWHWDTGVVSCLYKRNFTYDVNADYLYFHFYQEGGTFYAYFTDTG
OC43 (human) CEYPQTICHPNL-GNHRKELWHLDTGVVSCLYKRNFTYDVNADYLYFHFYQEGGTFYAYFTDTG

* *

adapted from H. Suzuki and F. Taguchi, J Virol. 1996. 70(4). 



S33R SA59

L79M/T82K L79A/T82A

K183R K183G

s in S can change receptor interactionss in S can change receptor interactions

MHV viruses with substitutions in S
differ in growth on mouse cells

Point mutationPoint mutation
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A A coronaviruscoronavirus with several diseaseswith several diseases
and a naturally extended host rangeand a naturally extended host range

Bovine Bovine coronaviruscoronavirus Calf diarrheaCalf diarrhea
Winter dysenteryWinter dysentery
Calf respiratory diseaseCalf respiratory disease
Shipping fever Shipping fever 

((PneumoentericPneumoenteric))

One serotype, 2 subtypesOne serotype, 2 subtypes
BCoVBCoV ?? White tailed deerWhite tailed deer

WaterbuckWaterbuck
SambalSambal deer deer 
TCoVTCoV (Turkey enteritis)(Turkey enteritis)
Human diarrheaHuman diarrhea



Feline enteric coronavirus and 
feline infections peritonitis

Enteric strainEnteric strain
infects kittens          infects kittens          Persistent enteric infection

MutationMutation to systemic virus FIPVto systemic virus FIPV

Wet formWet form Dry formDry form

Death

ReinfectionReinfection
or vaccineor vaccine

Severe Severe 
diseasedisease



Deletions or mutations in Spike protein Deletions or mutations in Spike protein 
change virulence and tissue tropismchange virulence and tissue tropism

TGEVTGEV

Enteric Enteric 
disease disease 
in pigletsin piglets

Deletion ofDeletion of
225 aa in spike225 aa in spike

or mutationor mutation

PRCoVPRCoV

Mild respiratoryMild respiratory
disease of pigsdisease of pigs
Interstitial Interstitial 
pneumoniapneumonia

PRCoV PRCoV provides partial protection from TGEVprovides partial protection from TGEV



HCoV-229E in Volunteers

Chilvers et al, Eur. Resp. J. 18:965-970 (2001)

11 volunteers were inoculated intranasally with HCoV-229E.
Cold symptoms were recorded daily and nasal epithelium studied.

Overall symptoms
No symptoms 3 Number experiencing
“Possible cold” 4 Headache  6
Definite cold 4 Cough        4

Fever        2
Disruption
of nasal epithelium     11

No animal model or reservoir Genetically stable viruses 

Inapparent infection common Repeated infections common

Seasonal outbreaks No drugs or vaccines



SARSSARS
Day 7

Day 9

Day 14

Poutanen,et al., NEJMed, April, 2003



SARSSARS
Syndrome Syndrome Acute interstitial pneumoniaAcute interstitial pneumonia
Incubation periodIncubation period ~4~4--10 days10 days
Case fatality rate Case fatality rate ~4~4--50%50%
TransmissionTransmission Human to humanHuman to human

Close contact, super spreadersClose contact, super spreaders
Immune responseImmune response Neutralizing antibody; CTL?Neutralizing antibody; CTL?

Virus sheddingVirus shedding Duration uncertainDuration uncertain
Respiratory, fecal, urineRespiratory, fecal, urine

PathogenesisPathogenesis Poorly understoodPoorly understood
Persistent infectionPersistent infection ????
Susceptible to Susceptible to reinfection reinfection ????



Targets for SARS Vaccines and Drugs

K.V. Holmes, SARS Coronavirus: A new challenge for prevention and therapy J. Clin. Invest. 111:1605 (2003)



Some Targets for Drugs Against 
Coronaviruses

Blockade or inhibition of:
Receptor interactions
Conformational changes in Spike protein
Protease cleavage/activation of spikes
3C-like protease that cleaves replicase polyprotein
Papain-like proteases that cleave replicase

polyprotein
Helicase
Replication and transcription
Virus assembly and release
Hemagglutinin esterase  (group 2 CoVs)
Inflammation

SARS-CoV cell fusion inhibited by heptad
repeat peptide of viral spike protein

Anti-R Mab blocks MHV infection in vitro and in vivo

Hilgenfeld models SARS 3CL protease, suggests inhibitor
Inhibitor of papain like protease tested

Acetyl esterase inhibitors inhibit gp2 Acetyl esterase inhibitors inhibit gp2 CoV’sCoV’s in vitroin vitro

Oligonucleotide inhibitor of replication tested



Coronavirus vaccines
Live attenuated vaccinesLive attenuated vaccines

PEDV:PEDV: passaged passaged 90X in Vero cells90X in Vero cells
IBV: multiple serotypes,recombination are problemsIBV: multiple serotypes,recombination are problems

Killed vaccinesKilled vaccines
CanineCanine CoV CoV vaccinevaccine
IBVIBV

Vectored vaccinesVectored vaccines
Adenovector Adenovector forfor lactogenic lactogenic immunity to TGEV spikeimmunity to TGEV spike
Baculovirus Baculovirus for TGEV S or S,M,N partly protects for TGEV S or S,M,N partly protects 

vs enteric challengevs enteric challenge
Passive immunizationPassive immunization

Neutralizing monoclonal antibodyNeutralizing monoclonal antibody
Antibody dependent enhancement (ADE)Antibody dependent enhancement (ADE) with with FCoV FCoV vaccines.vaccines.



Research PrioritiesResearch Priorities

How manyHow many coronaviruses coronaviruses are there?are there?
Genetic relationships?Genetic relationships?
Host ranges?Host ranges?
Virulence determinants?Virulence determinants?

Pathogenesis Pathogenesis 
Immune responsesImmune responses
Small animal model for SARSSmall animal model for SARS
Effects of mutationsEffects of mutations
Diagnostic testsDiagnostic tests
VaccinesVaccines
DrugsDrugs
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